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1. INTRODUCTION

ACODAC deployment No. 33 was made near Bermuda on Cruise IV,

2 Leg 4 of the R/V Chain on November 12, 1974 in 4030 meters of water.

Westinghouse Electric Corporation ('-) prepared a set of cable sections,

hydrophones arA1 circuits for this deployment. Ambient noise measurements

were recorded at frequencies from 10 Hz to 600 Hz. Five VX-VERAY-3

hydrophones were mounted on a vertical cable as shown in Fig. 1. These

hydrophones have a self noise level below the lower Wenz sea state noise
I

curve, and have a low sensitivity to acceleration, -.58 dBV/mg or better.

These small, rugged, winchable hydrophones shown in Fig. 2 have been

described in detail in earlier reports. 1 ' 2 ' 3 ' 4

In preparation for this deployment the sensitivity of the

hydrophones to 4.5 Hz strumming frequencies was reduced by at least

15 dB. Hydrophones were calibrated as a function of static pressure so

that a proper sensitivity value is available for any depth at which the

unit is used.

II
I;!
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2. HYDROPHIONES

The pairs of split couplers that provide mechanical coupling to

the cable at each end of the hydrophones were machined to a larger inside

diameter to eliminate pinching the molded polyurethane connectors. Some

of the amplifiers were rebuilt using a metal encapsulation for each semi-

conductor element. The design of these units is shown in Fig. 3. The

leads were brought out through holes in a micarta disk and the unit was

sealed with epoxy. An extra lead was brought out to an eighth pin on

the male connector so that the preamp can be tested electrically without

any acoustic signal.

The hydrophones used in this deployment were calibrated by the
5

Naval Research Laboratory to obtain sensitivity as a function of frequency

and static pressure. The frequency response of each unit at 2*C and

55 ?P3 pressure is given in Figs. 4 through 6. The 100 Hz sensitivity

at 2*C is plotted as a function of static pressure in Figs. 9 through 13.

Table I lists the 100 Hz sensitivities of the five hydrophones used at

a temperature of 2*C.

-4-
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3. CIRCUITS

A preamplifier circuit is potted in polyurethane at one end

of each hydrophone and is protected by the split coupler that also

protects the electrical connector. A power converter unit and five

termination amplifiers for the five hydrophones are enclosed in an
aluminum chassis which is mounted inside the sphere containing the

magnetic tape recorder.

3.1 Preamplifiers

Ii Some new preamplifier units were built which used semiconductors.

A 100 ohm resistor, R8, was inserted in series with the hydrophoue line
as shown in the new schematic, Fig. 14. An eighth pin was added to the

male end of the hydrophone and a lead was brought out from the cceon

line between R8 and the hydrophone cylinder so that the gain of the

amplifier can be checked electrically. An a.c. voltage of 100 Hz applied

across R8 is amplified by a factor of 100 by the combined preamplifier

and termination amplifier units.

The original hydrophones with their associated amplifiers had

"a flat frequency response from 10 Hz to 1000 Hz as shown in Fig. 15.

The peaked response at about 4 Hz was considered undesirable because

cable strumming might saturate the amplifiers. Consequently, the

preamp units were modified by a proper choice of R11 and in some units

by adding C2. As a result all the new amplifiers built had a gain at

4.5 Hz that was at least 10 dB less than the response at 50 Hz. See

Figs. 4 through 8. The method of choosing Rllis given in Note 2 of

Fig. 14.

I
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The Lermination amplifiera used in this deployment, Fig. 16,

were similar to the units us-,d in earlier deployments except that the

values of RI and R2 were changed to those value.- given in Fig. 17, so

that with the cable lengths given in Fig. 18, the d.c. voltage on all

preamls were equal and the a.c. terminati~on load seen by all preamps
were also equal.

The array wiring diagram is given in Fig. 18. The symbols

HIl through H5 represent the hydrophones and associated preamps. The

termination amplifiers are designated as Al through A5. Input and out-

put. 14ads from the termination amplifiers were cooaxial line to minimize

crosstalk and noise.

Capal-,ftcr C3 was added to roll-off the termination amplifier

frequency response in uzder to attenuate tho- 20 kft ripple voltage and

converter noise injected ioto the amplifier f rom the +45 V line through

Ll and Ui. The negative side of capacitor C1 was returned to point A

rather than ground ao that the Cl ce rgin& current would not flow through

current sampling resistor R8 in the pover converter. This eliminates

the possibility of converter shutdown immediataly after start-up due

to sensing of this current.

3.3 Power Conwerter

A block diagram of rho codiftted power converter unit to given

in fig. 19. This unit derives itrs power from the +1.2 V hattery voltage

which can vary from 14.S V when the batteries are fully chargOA 4own
to 10.5 V uh*4 disehargcd. A regul,*tdd output "olrage ot +45 V is

provided for the termination amplitiers which eaich drnw 14 mas of current.

The regulator output voltage was reductd. frs i. A'O.* to 9.6 voltse. The"

rogultatr ubnit vat ctcapletely redesign&wd in order to # lirait-itt or

oscillatory behavior of the previous design. The owv circuit Is given

ia fi%. 20.-

The convierter ovvteurrent. shutdown circuit was redesigned as
show- in Fig. 21 to ellainate the possibility of shutdowu itaediate1v

after start-up.
-20
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Pin Numbers on Hydrophones and Cables
7 1 2 3 4 5 6 (.ables

4000 ft

H2

I 2000 ft

H-3

[- 1500 ft

H4

3500 ft

H45

'270 ft

Break-.wav cable

8 7 64 3. 2RPM Connector

A AAAAShot- 54 3  2  1  Ter.nmintion•. Sh~t-Amplifiers
Down

--- U-a-- -

Tape Recorder

Fig. 18 -Array Wiring Diagram
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11
4. CABLES AND CONNECTORS

U The cables prepared for this deployment are shown in Fig. 1.
Cable sections K and I were connected together with a coupler unit to

SUobtain a 1500 ft distance between hydrophones #3 and #4. Cable sections

E and L were coupled to provide 3500 ft separation between hydrophones

SII #4 and #5. The cable wiring diagram is given in Fig. 18. In spite of

extensive tests of connectors prior to deployment there was evidence

that three of the twelve connectors leaked during deployment. These

had a blue-green deposit on the pins which had a positive d.c. potential

of 38 V during operation. These were the male connectors that were

molded onto the lower ends of hydrophones #2, #3, and #4, as shown in

Fig. 22. There was no damage to the polyurethane or to the pins.

The connector geometry is shown in Fig. 23. The first connectors

made by Ex-Con for - had a space "S" bet nd the connector to be free

N• flooded with water. On the first deployment some of these spaces failed

to fill with water and the connector was badly deforned. This problem

was corrected by drilling two holes "H" into this volume so water could

easily fill the space and provide an axial forý2e on the connector when

it wad "epluyed in the ocean. The Ex-Con Corporation,who molded these

connectors, felt there was less danger of water leaking into the back of

the connector if the space "S" was completely filled with polyurethane

durIng connector potting, so this was done. This gives a much longer

bonding length for the seven wires but it does not give the connector

much freedom to move axially once the metal split coupler is in

place. In the hydrophone pressure tests at Pittsburgh and at Orlando,

no leakage occurred but no split couplers were used. When a split

coupler is employed it rigidly positions the metal portion of the hydro-

phone relative to the metal cable termination. If either the male or
female molded polyurethane connectors are not accurately molded, then

- 27 -
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the two flat surfaces at the face of the connectors may not be parallel

or may not be in intimate contact. If the connector is not flexible

enough so that the two halves can be pushed together by water pressure,

then at great depths a little water may force its way past the "0" ring

and into the region "A" of Fig. 23. This small amount of water draws

only a small current but the electrolysis of the water generates a

I fluctuating signal that produces noise at the output of the termination

amplifier. Possibly a heavy layer of silicone grease in the "A" region

will cure this leakage problem. However, when new connectors are molded

they should be made with a region "S" which can readily fill with sea

water to exert an axial force on the two halves of the connector.

5. FLOATS

The array was deployed near Bermuda where the bottom depth

was 4030 meters. The array was held upright by a large spherical float

that was capable of withstanding the 3.7 MPa pressure at a depth of

370 m. This unit has a buoyancy of 1100 lbs. Pairs of 17 inch glass

floats were chosen so as to provide a tension that varied from 874 lbs

at the bottom of the array to 1100 lbs at the top of the array. See

Table 2. The last colmnn of this table gives the tension at each

hydrophone after the AHF was released and the top float was on the

surface of the ocean. The tension along the array varied from 80 lbs
at the bottom to 306 lbs at the top. The float spacings are given in

the Appendix.

",-30-
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6. TESTS

Tests were performed at eight locations in preparation for

* this deployment.

6.1 Pittsburgh Tests

All bydrophone units were pressure cycled in oil in the equip-

ment shown in Figs. 24 and 25 at the Westinghouse Research Laboratories

in Pittsburgh, Pa. The pressure was increased linearly over a 15 minute

period up to 65 MIa (10,000 psi) and then decreased linearly at the

same rate back to 0.65 MPa pressure. The pressure cylinder was encased

in styrofoan and cooled to 4oC with liquid nitrogen. The units were

cycled ten times before being sent to NRL for calibration.

After modification of the power converter unit was completed,

the unit was tested with a load resistor of 600 ohms. The battery

voltage was varied from 10.5 to 14.5 volts and the +45 volts remained

unchanged. To simulate overload conditions a 200 ohm resistor was

placed across the 600 ohm resistor. This caused the unit to shut down.

"To simulate opening of the break avav cable during, retrieval of the

array, a 20 ka resistor was placed between ground and pin 7. This

caused the unit to shut off, so the voltage on the cables terminals

would be reduced to zero. The spare unit vas then modified and tested

in a similar manner.

After resistors Rl and R2 in the five termination amplifiers

were changed to the values appropriate for the Bermuda array cable
lengths, the units were each tested to be certain the overall gain

was 40.0 db. The spare unit was also modified and tested in the ema

way.

- 32 -
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6.2 Annapolis Tests

In order to check out the connector modifications that were

made by Ex-Con Corp., a .ample connector with a new split coupler

diameter was sent to the k.stinghouse Ordnance Division at Annapolis, Md.
where pressure tests were nade. This connector is illustrated in Fig. 26.

The pressure was cycled to 55 MPa at 22C and the resistance between

terminals was measured. There was no evidence of water leakage. The

constraint of a split coupler was simulated by a pair of aluminum blocks

which bolt together and clamp the male and female ends of the connector.

6.3 Orlando Tests

Fifteen transducer assemblies were sent to the Naval Research

Laboratory at Orlando, Florida for calibratioa. Sensitivity measurements

ti~ were made at static pressures from 0.7 to 55.1 MPa over a frequency range
a -! from 2 Hz to 1000 Hz. Tests were conducted at 2*C and 22'C. The results

are tabulated in reference 5. Data for the five transducers used in

this deployment has been graphed In Figs. 4 through 13. These units
Seach exhibit a linear variation in sensitivity with pressure so that a

precise value of sensitivity requires a knowledge of the deployment

depth of each hydrophone. Table I gives the appropriate sensitivities
for each of the units at the actual deployment depth. The frequency

response on all five units is substantially flat from 10 Ha to 600 Ha.

The response at 4.5 Ht is dowun at least 10 dB from the midrange value
so the sensitivity to strumming is such less than that of tho original

UX-VEUtAY hydrophone.

6.4 Jupiter-Tests

Some t•es•ts Ure carried out at the Ex-Con Corp. Uacilities

in Jupiter, Florida. The cables that had been used on tarlier deploy-

meats were inspetted for cable dawe &Md ipodanct soasurvaents vere

%ade between vires and betveen each wire and the steel cable strands.

After the old cables had been aedlfied by U-Con Corp. for thie lermuda

deployment, they were again testWd for leakage resistance at a d.c.

35
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Iii T 1

potential of 500 volts. To-check out the entire array all of the reels

containing cables to be used were placed in a circle, the five hydro-

phones were attached and all of the split couplers bolted in place.

Each of the hydrophones was immersed in a container of water for eight

hours and acoustic tests of the entire array were then made using the

®- D termination unit which consists of a power converter and five termina-

tion amplifiers. An acoustic source at 2360 Hz was used which could be

ii immersed in the water container. A 320 Hz source driving a loudspeaker

in air was also used. There was no significant difference in the

performance of the units due to the water immersion and no evidence

of water was found in the connectors when the hydrophones were removed.

6.5 Hollywood

Since the cables b1d been stored outdoors in Florida for

18 months following an earlier deployment, it was considered desirable

to test all of the cables in water. The six cable reels were taken to

a boat elevator in Hollywood where they were immersed overnight in

three meters of ocean water with the connectors all supported by ropes

out of the water. Then impedance measurements were made between all

seven conductors and between the steel strands and each conductor. All

resistances measured greater than 1000 megohms. TI.3 cable reels were

loaded onto a truck and driven to Miami, Florida where they were placed

aboard the R/V Chain.

6.6 St. George's Harbor

While the R/V Chain was moored in the harbor at Bermuda, all

but one of the six reels of cable were rewound onto wooden reels in

such a way that the male or bottom end of each cable was on the outside

* of the reel and the female or top end of the cable was on the inside of

the reel. When the cable sections were later transferred to the trawl

winches, the outside end was the upper (female) end of the cable.

"The cables were lashed into place around the base of the hydraulic

crane located on the #1 deck, The hydrophones were connecLed between cables
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and the bottom cable was attached to the z termination unit. An

acoustic signal from the portable acoustic test unit described in the

•- JPhase II report was used to check each of the hydrophones mounted between U,
and the cable sectionm . This unit has a calibrated pickup transducer mounted

near the speaker that has a sensitivity of -138 dB re 1 V/hPa. The

measured sensitivity in air of the five units was as follows:

Sensitivity
.,ydrophone in air
Location Number dB re 1 V/ Pa

#1 top AI7 -14.8

V2 -A19 -158

- . AS, . -148 -
#4 A1-145

#5 •-.-2. -148

The J-o.er sensitivity of A19 was attributed to the presence of an air

bubble in the oil surrounding the ceramic cylinder. When deployed such a

bubble will be desolved inVthe oil and will not degrade the performance

of the hydrophonle.

-5,7 R/V Chain, Leg 4

After the ship was underway, all hydrophone units were checked

electrically by connecting a signal between the shell and the #6*pin.

This input signal was coupled to the input stage of the preamplifier

through the capacity that exists between the metal hydrophone case and

the electrodes of the ceramic cylinder. The output voltage from the

termination amplifier was measured. The table below gives the ratio of

these two voltages.
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SHydrophone V out

SLocation Number Vin

#1 A17 1.10

#2 A19 1.00

#3 A5 1.05

#4 A21 0.90

#5 A23 0.87

On November 11, the record power module unit (RPM) became
availablie. The @termination box was mounted. All five hydrophones
were attached between the cables which remained on the wooden reels.

A 243 Hz signal from the portable acoustic test unit was used to check
each hydrophone. The output signals from each were as follows:

Hydrophone
Output

Location Number Voltage

#1 A17 .364

#. , 2 A19 .546

#3 A5 .558

1A- #4 'A21 .447

.#5 . A23 .558

Next the ' termination amplifier outputs were connected to the five

amplifiers in the RPM unit. With 120 Hz applied to the speaker the

voltage at the input to the magnetic head driver amplifier was measured

when the speaker was placed in proximity to each hydrophone. The

results are given as follows:

S !;

39

. .-._......



t ------------------------ '-----,--------.--.. • --•<-.. , • .-.- .. --.- . -; . , :. • '

"A "

i~Li

Hydrophone

"Location Number Voltage

#1 A17 .300

#2 A19 .490

#3 A5 .500

#4 A21 .463

#5 A23 .500

After the entire array was in the water, but before the RPM 7

unit was put into the water, a last check was made. Strong signals were ýJ

received from locations 1, 4, and 5, and somewhat weaker signals from

locations 2 and 3. The stronger signals near the #1 unit were expected

because that unit was near the large top float. Units 4 and 5 were

close to the ship and could be expected to pick up ship noise. Both

Dave Bitterman and Jess Stanbrough said that these signal levels were

what they normally received with that type of array before the anchor

was released.

V 6.8 RIV Chain, Leg 5

After retrieval of the array on November 14, 1974, the five

hydrophones were tested in air at 243 Hz using the portable acoustic

test unit to check their sensitivities. Next an electrical signal was

introduced between the hydrophone shell and the power converter ground

point and the output voltage measured. The results of these two tests

are given below.

VSensitivity
Hydrophone in air

Location Number dB re 1V/ Pa in

#1 A17 -147.8 1.15

#2 A19 -145.9 1.04

#3 A5 -145.0 1.08

#4 A21 -146.3 0.88

#5 A23 -145.8 0.88
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"II Note that the measured sensitivity of unit A19 in air is about 12 dB

greater than it was before deployment. The assumed air bubble mentioned

in Section 6.6 evidently desolved in the oil during deployment as

expected. The measured sensitivity of the other four units agreed

within 3 dB of their previous values. Ship noise and variations in

transducer positions make it difficult to reproduce on deck acoustic

* sensitivity measurements to an accuracy better than +3 dB.

g.• 7. DEPLOYMENT OF ARRAY

The array was deployed from the R/V Chain near Bermuda

November 12, 1974 in 4030 meters of water at 320 24.86 N, 640 16.7'W.

Deplo•ment required 4 hours 58 minutes, exciusive of time lost due to

a winch repair. The array was launched in three sections and so some

time was lost in attaching two hydrophones and in winding a 270 ft cable

section from a wooden reel onto the trawl winch. The winch was stopped

about 90 seconds to attach each of the 20 pairs of floats. A deployment

*• time breakdown follows:

Reeling out 3610 m of cable 122 minutes

Attaching 20 float pairs 30 minutes

B Winding 82 m of cable on winch 18 minutes

Attaching two hydrophones 24 minutes

Deploying anchor and RPM 104 minutes

- iTotal 298 minutes

If a winch the size of the one on the North Seal had been

* available, all of the array could have been placed on the winch and the

deplcyment time would have been reduced by 42 minutes. If the cable was

neutrally buoyant so that no floats were required along the length, this

would have saved another 30 minutes. The line was reeled out at a rate

of approximately 30 meters per minute.
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•i 8. RETRIEVAL OF ARRAY

• ~The array was retrieved on November 14, 1974 after being in

S~the ocean 59 hours and 42 minutes. The RPM unit was retrieved first in

i!2.5 hours. The top float and then the array were retrieved in 3.3 hours -J

f or a total retrieval time of 5.7 hours. There was evidence that a

small amount of water had leaked into three of the twelve Ex-Con ,/

connectors. This problem is discussed in detail in section 4.

'5'
i• 9. RECORDED DATA

• The magnetic tape obtained on this deployment has not yet been

processed. However, the preliminary one-third octave record made at
! 100 Hz indicates that the leakage into the three connectors generated

sufficient noise to mask the signals from the top four hydrophones.

The signal from the bottom hydrophone appears to be satisfactory over

most of the time that the array was in the ocean. Unfortunately,

because of the unavailability of a second array, a comparison of the

data from this hydrophone with one under similar sea noise conditions

is difficult if not impossible at this time. Had the deployment been

in an area where previous measurements had been taken, some sort of

comparison could be made. It will be instructive to determine the

increase in recorded noise level as the ship approached the array for

recovery. This noise should be similar to that achieved on other

deployments of the same depth unless the ship noise was reinforced by

reflections from a different bottom geometry.

- 42 -



0 -

[I

10. CONCLUSICMS

The deployment demonstrated the feasibility of a vertical

U array using type Vector 738P armored w;ell logging cable containing

hydrophones mounted between cable sections. The array was easily

fj deployed from two trawl winches and wound onto these same winches on

recovery. Some of the Ex-Con connectors leaked water. This appears

to be due to a small air space that exists between the face of the

Idi two connectors when they are clar'ped with a split coupler. A more
liberal application of Silicone grease in this region should cure this

t jproblem. Before the next deployment of this array, it would be wise

to suspend the array in deep water to be certain that the electrical

connectors do not leak. The noise data obtained by the bottom hydro-
tj

phones should be compared with any records that have been made in a

similar location and depth.. The hydrophones with the new preamplifiers

using pressurized encapsulation of the semiconductor components proved

to be satisfactory.
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RDF LIGHT ACODAC DEPLOYMENT ho. 33 SliP R/V CHAIN[SYSTEM 1A2 LENGTH 3635 CRUISE 117

FLOAT.U DEPTH QCWc) 4030 MTRS - FMS,

LOCATION (LAT) 32"24.86N (LONG) 64 0 16.7W

1DATE/TIME DEPLOYED 0923z 12 Nov. 1974 1

RECOVERED 14 Nov. 74 2105 a
"432"24.74'N 64%16.81'W

S.1. RECORDING

TIME CODE SYNC 0000c 0.027 . DATE12 Nov. 19741! 2 TAPE START1.2 Nv. 1200_ DUTY CYCLa

Day 316

S2. HYDROPHONES WESTINGHOUSE
WX- VER&Y-1

Station No. Ser. Mtrs. Abv. DepthT°C
3 Bottom (Corr)

I A17 3490 540 ]16

I .2 A19 _ _ _270 1760 4.2
LJ3 A5 1660 2370 3.5

' 4 A21 1207 2823 3.,1

J- s A23 140 _3890 2..3
•• 6

5 3. RELEASES/TRANSPONDERSt I AMF GEODYINE

i.! ~ CH. NO. ,F,•,Q KIz SR. NO. ___

2 IPV 6 10 . DATE/TIE, START

. 3 BtM 7 11IL DATL/TI4E, STOP
ROFS 4 Iptm a 10

4. LO.ATION AIDS

r OAR ROW OAR FIASf4

"&C. NO. ft~f 4l: SI HRf SIN Ila$.

Float C L7.095 .i _9Z IMj2

TIME I 7145 ! 101
RELEASE PV - -u_ 1972
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DEPARTMENT OF THE NAVY
OFFICE OF NAVAL RESEARCH

875 NORTH RANDOLPH STREET
SUITE 1425

ARLINGTON VA 22203-1995
IN REPLY REFER TO:

5510/1

Ser 3210A/0 11/06
31 Jan 06

MEMORANDUM FOR DISTRIBUTION LIST

Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

Ref: (a) SECNAVINST 5510.36

Enc: (1) List of DECLASSIFIED LRAPP Documents

1. In accordance with reference (a), a declassification review has been conducted on a
number of classified LRAPP documents.

2. The LRAPP documents listed in enclosure (1) have been downgraded to
UNCLASSIFIED and have been approved for public release. These documents should
be remarked as follows:

Classification changed to UNCLASSIFIED by -authority of the Chief of Naval
Operations (N772) letter N772A/6U875630, 20 January 2006.

DISTRIBUTION STATEMENT A: Approved for Public Release; Distribution is
unlimited.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

BRIAN LINK
By direction



Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

DISTRIBUTION LIST:
NAVOCEANO (Code N 121LC - Jaime Ratliff)
NRL Washington (Code 5596.3 - Mary Templeman)
PEO LMW Det San Diego (PMS 181)
DTIC-OCQ (Larry Downing)
ARL, U of Texas
Blue Sea Corporation (Dr.Roy Gaul)
ONR 32B (CAPT Paul Stewart)
ONR 321 OA (Dr. Ellen Livingston)
APL, U of Washington
APL, Johns Hopkins University
ARL, Penn State University
MPL of Scripps Institution of Oceanography
WHOI
NAVSEA
NAVAIR
NUWC
SAIC
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